Pigs cannulated at the ileum were used to investigate the effect of creep feeding on specific intestinal microflora and VFA and lactate concentrations. In two replicate trials performed 50 d apart, a total of 24 15-d-old nursing pigs from seven sows were cannulated in the terminal ileum and randomly assigned to two test groups. One group was allowed access to a creep diet, whereas the other group was denied access to the diet by removal from the farrowing crate. Ileal samples were collected at 19, 22, 26, and 29 d of age (preweaning) and at 33, 36, and 40 d of age (postweaning). Samples were assayed for total and hemolytic E. coli, total lactobacilli, pH, acetate, propionate, butyrate, isobutyrate, valerate, isovalerate, D (-1 , and L( + lactate. Creep feeding did not affect lactobacilli or E. coli concentrations ( P > .05), nor did it affect short-chain fatty acid concentrations ( P > .05). Most volatile fatty acid concentrations decreased ( P < .05), total lactate increased ( P < .05), and the proportion of E. coli that were hemolytic increased ( P < .05) following weaning. Consumption of creep feed did not affect specific microbial populations or fermentative byproducts in the ileum of the young pig.
Introduction
Morbidity and mortality data indicate that weaning presents a considerable challenge for the young pig (USDA, 1992). The change of diet, loss of maternal immune factors, and movement to a different environment often result in scours (diarrhea), loss of weight, and increased disease susceptibility (Kohler and Moon, 1984; Nabuurs et al., 1985) . To accustom pigs to their future postweaning diet, many swine producers provide a creep feed during the nursing period. Some studies have suggested, however, that creep feeding may play a role in promoting postweaning scours (Newby et al., 1983; Miller, et al., 1984) . Miller et al. (1984) found that brief, but intermittent, contact with feed before weaning increased the severity of subsequent scours at weaning. It was postulated that hypersensitivity to feed antigens may have contributed to the inducement of postweaning scours. Barnett et al. (1989) observed antibody titers in the blood of weaned pigs and confirmed that feed antigens can induce an immune reaction in creep-fed pigs.
J. Anim. Sci. 1994. 72:3163-3168 In this investigation, we wanted to determine whether consumption of a creep diet, which includes an antibiotic (chlortetracycline), might also affect intestinal microflora and subsequent production of fermentation byproducts. Because it has been postulated that indigenous bacteria or their metabolic byproducts may play a role in resisting growth and( o r ) establishment of non-indigenous microflora, including pathogenic E. coli (Fay and Farias, 1975; Hentges et al., 1985; Blomberg et al., 19931 , such information would seem pertinent to the maintenance of health in the young pig.
Materials and Methods

Experimental Design and Animals
In two replicate studies performed 50 d apart, a total of 24 15-d-old crossbred (Yorkshire-Landrace x Duroc or Hampshire) gilts and barrows were surgically fitted with T-cannulas in the terminal ileum, in accordance with The University of Tennessee Office of Laboratory Animal Care, and as reported by Mathew et al. (1993) . Twelve pigs were selected from a total of four litters in rep 1 (August) and 12 pigs were selected from a total of three litters in rep 2 (October). Initial pig weights ranged from 5.5 to 7.3 kg, with an average of 6.3 kg. The cannulas were made from Delrin 600 plastic (Du Pont Chemical, Wilmington, DE) and were similar in design to those reported by Walker et al. (1986) . Following recovery from anesthesia, pigs were returned to their respective sows with the exception of three pigs from one litter in rep 1 that were cross-fostered onto the three remaining sows in that replication. All intact pigs were removed from the litters. On the following day, pigs within litters were equally and randomly divided between two test groups. One group was allowed daily access to a non-pelleted, corn-soy creep diet containing 18% CP (Table 1) . The creep feed also contained chlortetracycline.HC1 at a level of 110 mgkg of feed. The second group was denied access to the diet by removal from the crate when the creep diet was presented. Creep feed was presented at 0800 on each day in a four-hole, upright creep feeder. Creep feed was allowed to remain in the pen for a maximum of 2 h depending on when pigs lost interest in the feed or sows laid down to nurse for an extended period of time. Sows were fed at the same time creep feed was presented so that differences in nursing times between groups were largely avoided. Pigs that were not allowed access to the creep diet were moved to an empty farrowing crate until creep feeders were removed and sow feeders had been emptied and cleaned by vacuum. All pigs were weaned at 31 d of age, moved to a nursery unit, which was initially maintained at 25"C, and grouped by size into pens of six pigs each. Pigs on both treatments were allowed ad libitum access to the same diet as described for the creep feed treatment throughout the remainder of the trial.
ET AL.
Volatile Fatty Acid and Lactate Analysis
Ileal samples were collected as described previously (Mathew et al., 1993) at 19, 22, 26, and 29 d of age (preweaning) and at 33, 36, and 40 d of age (postweaning). Volatile fatty acid concentrations were determined by a gas chromatographic method described by Playne (1985) . Briefly, 4 g of intestinal contents were mixed with 1 mL of 25% metaphosphoric acid and incubated at room temperature for 30 min. Samples were centrifuged a t 15,000 x g at 4°C for 15 min on a Beckman, Model J-21C centrifuge with a JA-20 rotor (Beckman Instruments, Palo Alto, CA). The supernatant was collected by Pasteur pipette and frozen for a minimum of 24 h. Samples were passed through .45-pm filters before injecting 3 pL into a Hewlett Packard model 5890 gas chromatograph (Hewlett Packard, Avondale, PA) with an HP-FFAF' 10-m x .53-mm x l-pm capillary column packed with cross-linked polyethylene glycol-TPA. A flame ionization detector was used for determination of acetate, propionate, butyrate, isobutyrate, valerate, and isovalerate concentrations. Lactate concentrations were determined using a lactate analysis kit (#826-B; Sigma Chemical, St. Louis, MO). Samples were prepared by centrifuging at 15,000 x g at 4°C and .2 mL of supernatant was added to .4 mL of ice cold 8% perchloric acid. Samples were incubated on ice for 30 min and centrifuged to remove precipitate. The supernatant was assayed according to Sigma, using the appropriate lactate dehydrogenase enzyme in separate assays for determination of D(-) and L ( + ) lactate.
Microbiological Determinations
For bacterial assays, serial dilutions were made from l-g aliquots of ileal digesta, using PBS as a diluent. One hundred microliters of each dilution was spread on Petri plates containing Rogosa and lactose MacConkey agar (Difco, Detroit, MI) for determination of total lactobacilli and total E. coli, respectively.
A maximum of 30 lactose-fermenting colonies, as indicated by a red or pink coloration on MacConkey agar, were randomly chosen from each sample and transferred to 5% blood agar (Baxter, McGaw Park, IL) for determination of hemolytic activity.
S tu tis t ica 1 A nu lys is
Statistical analysis was performed by the GLM procedures of SAS ( 1986), using repeated measures analysis of variance. The individual pig served as the experimental unit. An error term of pig within treatment within rep was used to determine the effect of treatment on VFA and microbial data. Due to occasional lack of sufficient material for analysis, lactate data contained some missing values. Because repeated analysis requires complete data sets (missing data for one sampling day eliminates the use of all data for that pig over the entire experiment), and because variability was not homogeneous within the lactate data, statistical analysis of lactate was performed using a weighted least squares analysis (Neter et al., 1985) , in addition to the repeated measures ANOVA described above. Analysis by both methods resulted in similar output for effect of treatment, replication, and day of sampling, although the n value was smaller with the repeated analysis.
Lactobacilli and E. coli concentrations were transformed to loglo C~L I before analysis. The percentage of hemolytic colonies was determined using untransformed data, and the resulting percentile values were analyzed using the GLM, repeated measures procedures of SAS as described above.
Results
Weight gains for the pigs ranged from 1.8 to 4 kg over the test period, with no differences between treatments (data not shown). Average final weight was 9.5 kg. Most pigs ate at least some feed by the 2nd d of presentation, and all pigs were seen to eat creep feed within 4 d after initial presentation. This was verified by large amounts of feed particles observed in the otherwise liquid ileal samples collected on the first sampling day. Isolated feed particles were occasionally observed in ileal contents of pigs that were denied access to creep feed, along with hair and other foreign material. Although daily consumption of creep feed was not monitored, consumption over the course of the study, as measured by feed weighback, was determined. Total feed consumption ranged from 317 to 512 g per pig for individual litters.
Creep feeding did not affect W A or pH ( P > .05, Table 2 ). Lactate was also not affected ( P > .05) by treatment (Table 3 1 . Total E. coEi concentrations were similar ( P > .05) between treatments (Table 4) . At the first postweaning sampling, creep-fed pigs showed numerically lower percentages of hemolytic E. coli (Table 4) ; however, because no treatment x day interaction was observed ( P > .05), statistical comparison of individual sampling days was not permissible for hemolytic activity. Creep-fed pigs showed numerically lower concentrations of lactobacilli following weaning; however, this difference was not significant ( P > .05, Table 4 ).
When data were pooled over treatments a significant effect of day of sampling was observed on tested variables. In agreement with an earlier study (Mathew et al., 19931 , a decline ( P < .05) in VFA concentrations occurred within 2 d after weaning (Table 2) . Lactate concentrations were observed t o increase ( P < .05) at this time, although more variability between pigs was observed than with VFA concentrations (Table 3 ) . In general, the L ( + ) form constituted the majority of the lactate pool. Although total lactate increased postweaning, a decrease ( P < ,051 was observed at the second postweaning sampling ( d 5 after weaning), followed by a return to the higher values by the final sampling period ( d 9 postweaning). This inexplicable pattern was observed in both replications of the study.
A decrease ( P < .05) in lactobacilli concentrations and an increase ( P < .05) in the percentage of E. coli that were hemolytic occurred following weaning (Table 4). The increase in hemolytic E. coli is in agreement with a study by McAllister et al. (1979) , who noted substantial increases in hemolytic E. coEi throughout the lower gastrointestinal tract following weaning. In our study, only a few colonies of E. coli exhibited hemolytic activity before weaning, whereas 14% were hemolytic on the first postweaning sampling and 72% were hemolytic by the second postweaning sampling. On the final sampling day ( d 9 after weaning), the proportion of hemolytic E. coZi had declined to 23%, still significantly higher than all but the first preweaning sample.
Discussion
Overall creep-feed consumption was similar to that reported by Newby et al. (19851, who .5
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aData are in mmolesfliter and represent least squares means from two replicates with a total of 12 pigs per treatment. SEM = maximum bDay effect ( P < .0001).
CDay effect ( P < ,005).
standard error of the least squares means within column. if one assumes a linear extrapolation of daily consumption as reported by Barnett et al. (1989) . Barnett et al. (1989) , however, noted a maximum consumption of 194 g. In that study, pigs were weaned a t 28 d and a linear extrapolation of the data would yield a total maximum consumption of nearly 250 g by 31 d of age. It is possible that presentation of the feeder after a 22-h absence generated a renewed daily interest in the feed and thus greater feed consumption. Additionally, the consumption level per pig may have been increased because of the small number of pigs competing for feeder space in this study. Barnett et al. (1989) noted that consumption per pig was highly variable and increased with decreasing litter size. Increased interest in the feed may also have resulted in greater feed wastage, although this was not measured. It is difficult to speculate on the amount of wastage, given that feeders were intentionally placed over a wire-slatted area of the crate to reduce contamination of the crate floor with feed. Although it is difficult to determine the proportion of the nursing pig's diet that was made up of creep feed, the amount of feed material in the ileal contents of pigs given access to creep feed was readily observable and seemed to be substantial, especially in the latter days of the preweaning stage. In contrast, pigs without access to a creep feed were only occasionally observed to have isolated feed particles in their ileal digesta. Given the precautions taken to remove all feed from the crate prior to returning pigs on the no-creep treatment, it is likely that feed particles in those samples resulted from random consumption of fecal material from the sow and(or) pigs having feed access.
Given that the creep feed contained a non-therapeutic level of chlortetracycline, some differences in microflora populations and( or) fermentative byproducts might have been expected between treatments. Because the same medicated diet had been in use for more than 2 yr on this farm, it is possible that a resistant microfloral community had become established. Langlois et al. (1978) found that more than 90% of fecal coliforms were resistant to tetracycline in a herd that was continuously fed chlortetracycline at a level of 55 m a g of feed. The inclusion of chlortetracycline in the creep feed in this study was intended to simulate a commercial production system in which producers sometimes use a nursery diet, which is often supplemented with an antimicrobial compound(s), as a creep feed to accustom nursing pigs to their future diet.
In contrast to earlier studies (Mathew, 1991; Mathew et al., 19931 , neither an increase in pH nor an increase in total E. coli was observed postweaning in either treatment. Because earlier studies involved weaning pigs at 21 to 25 d rather than 31 d of age, the absence of postweaning changes in pH and total E. coli may have been a function of older weaning age. We chose to wean pigs at an older age in this study to promote greater consumption of the creep diet in order to maximize any effect it might have on enteric populations in the preweaned gut.
It seems that retention time in the stomach and small intestine is not sufficient to allow for microbial degradation of a corn-soy-based creep feed at levels that significantly affect SCFA concentrations. This may be in contrast to what occurs in the lower gastrointestinal tract at this time, although little information is available on postileal digestion of nonlactose diets in the preweaned pig. Sutton et al. (1991, and personal communication) noted significantly higher W A concentrations in the cecum and large intestine compared with the small intestine in 8-wk-old pigs fed a variety of carbohydrate sources, although no samples were obtained from the ileal region. Additionally, as had been observed in earlier cannulation studies (Mathew, 1991; Mathew et al., 1993) a peristaltic flow of digesta was evident at the ileum in this study, possibly indicating that flow of material through this portion of the gut remains similar to the rapid and intermittent flow of materials characteristic of more anterior regions of the small intestine (Ruckebusch and Bueno, 1976; Sissons and Jones, 1991) . We commonly observed periods of up to 1 h or more during which no digesta were evident at the cannula, followed by a period in which collection of five or more grams of digesta occurred in less than 1 min. In general, older pigs had fewer and shorter periods in which no digesta were detected; however, the flow was still observed to be quite variable over time.
The decrease in VFA concentrations in the small intestine following weaning, as well as the decrease in total lactobacilli observed in this study, may reflect declines in indigenous microflora following the pig's transition from a milk to a dry diet. Lower VFA concentrations may be a factor in selective colonization of certain bacteria, given that VFA have been shown to inhibit some species of enteric organisms, including E. coli (Wolin, 1969; Hentges, 1970; Lee and Gemmell, 1972) .
Alternatively, the decrease in VFA concentrations and the increase in lactate concentrations following weaning may indicate a shift in metabolic pathways by more adaptive enteric microflora to utilize alternative substrates available in a corn-soy-based diet.
Implications
Our studies do not indicate adverse affects of providing creep feed (containing an antibiotic) from 15 d of age to weaning at 31 d of age on specific enteric microflora or on short-chain fatty acids. Because shortchain fatty acid concentrations are an indication of fermentation activity by many bacterial species, the similarity of these acid profiles between treatments may indicate that creep feed, as an addition to the normal diet of sow's milk, has little effect on the enteric microfloral community of the small intestine. Weaning, however, seems to pose a significant challenge to some commensal microfloral populations, as indicated by a decrease in lactobacilli and volatile fatty acid concentrations after weaning.
Literature Cited
